The aim of the paper is to present the socio-economic effects which will appear in relation with the realization of the large-scale investments consisting in (1) the deepening of the fairway Świnoujście-Szczecin down to 12.5 m and (2) the adjustment of the infrastructure in the port of Szczecin (deepening of the port water area and modernization and deepening of the selected berths) to handle larger seagoing vessels. Those are complementary projects and their combined realization will allow the handling of fully laden vessels with deadweight of 40 thou. tonnes (at present that is 15 thou. tonnes). The realization of the investment projects will contribute to the creation of the socio-economic benefits which will arise in: -the land section of the transportation chain running through the port of Szczecin; within the hinterland transport there will arise savings in the land transportation costs and in the external costs resulting from the shortening of transportation distance and changes in the sectoral structure of transports (modal shift); -the sea section of the transportation chain running through the port of Szczecin; within the sea transport there will arise savings in the sea transportation costs and in the external costs resulting from the shortening of transportation distance, and in the costs of exploitation of vessels resulting from the increase of their size (economies of seagoing vessel's size); -the port of Szczecin in the form of the increased gross value added (GVA) in the port activity, additionally created value of port services. The socio-economic analysis covered all planned complementary investments. The socio-economic effects have been identified with the use of the cost benefit analysis (CBA).
Introduction
The conditions under which the port in Szczecin comes to function currently are as follows:
-the accessibility of the port from the sea is determined by the Świnoujście-Szczecin fairway. This is a transport infrastructure object connecting the port in Szczecin with the open sea (Pomorska Bay). It was built by the end of the XIX century. With the observation of the permissible technical depth of the fairway at the level of 10.5 m and the fairway's width of 90 m at its bed, it enables a safe navigation and entering the port in Szczecin for sea vessels with their maximum draft of 9.15 m or with maximum length of 215 m, however, the vessels with the maximum draft of 9.15 m cannot exceed the length of 160 m; -the accessibility of the port in Szczecin from the sea at the current stage of development of maritime trade and shipping is very low. Except for the ports in Kaliningrad and Lubeck, all other main ports situated at the Southern coast of the Baltic Sea poses better navigational conditions enabling handling seagoing vessels with tonnages and capacities greater than those in Szczecin (Hozer, Bernacki, Lis, Kuźmiński 2011); -the low accessibility of the port in Szczecin from the sea causes that the port of Szczecin can handle vessels of small tonnage (fully laden of up to 15,000 tonnes deadweight). Bigger vessels can call the port in Szczecin only under the condition that they are not fully laden (Kotowska, Mańkowska, Pluciński 2014) . Among the Polish ports of the essential importance to the maritime economy, in the period of 2008-2014, the port in Gdańsk noted the highest dynamics of turnover. The transhipments in the port of Gdańsk in that period increased by 81.5%, i.e., they increased by the average of 10.4% a year. In the port of Świnoujście, the cargo turnover increased by 40.2%, i.e., by the average of 5.8% a year, whereas in the port of Gdynia, they increased by 25.5%, i.e., by the average of 3.9% a year.
Against this background, the port in Szczecin did not note any evident increase of cargo turnover. In 2008, the turnover in the port in Szczecin amounted to 8.95 m tonnes whereas in 2014 -to 9.009 m tonnes, which means the increase by 0.7%, i.e., by the average of 0.1% a year. The consequence of that was the diminishing of the transport importance of the port in Szczecin among the Polish ports of the essential importance to the economy (Table 1) . Source: own elaboration on the basis of data obtained from the port authorities of Szczecin and Świnoujście, Gdynia, Gdańsk.
The changes of turnover in the Polish sea ports in the period of 2008-2014 are shown in Fig. 1 . The share of the port in Szczecin in the total transhipments of Polish ports dropped from the level of 17.1% in 2008 down to 12.0% in 2014 (5.1 percentage points).
During the period of 2008-2014 the Gross Domestic Product (GDP) expressed in basic prices increased in Poland by 16.7% and the average-annual rate of economic growth in Poland amounted to 2.6%. On the basis of the data on transhipments in the ports of the essential importance to the national economy during the years 2008-2014 and the GDP in basic prices (in 2014), the strength of the relation between the cargo turnover in Polish ports and the gross domestic product has been analysed with the use of the Pearson product-moment coefficient of correlation. The results are presented in Table 2 . The total volume of cargo turnover in Polish ports shows a strong relation to the economic development of the country. The correlation coefficient for the port turnover in total against the GDP amounted to 0.94, similarly strong relations appeared in Gdańsk (0.93), Gdynia (0.87), and Świnoujście (0.91). The port in Szczecin is the exception where the transhipment dynamics was much lower than the dynamics of the economic growth in Poland. The coefficient of correlation between the volume of cargo transhipment in the port in Szczecin and the GDP was low and it amounted only to 0.28.
In the case of the port in Szczecin, the unfavourable tendencies with reference to the growth rate of the cargo transhipments and the weak correlations between the volume of port turnover and the economic growth of the country result most of all from the low navigation parameters of the Świnoujście-Szczecin fairway limiting the access to the port in Szczecin for sea going vessels.
The key factor determining the further development of the port in Szczecin is the improvement of the port's accessibility from the sea consisting in the modernization and deepening of the Świnoujście-Szczecin fairway. In relation to the improvement of the transport accessibility, in the port of Szczecin it will be necessary to adjust the existing quays to handling bigger seagoing vessels. The planned activities in favour of the improvement of Szczecin port's accessibility from the sea have been concretized in the form of the following investment projects:
1. The modernization of the Świnoujście-Szczecin fairway to the depth of 12.5 m. The investment consists in the deepening of the fairway down to the technical depth of 12.5 m on the distance of 62.5 km with the simultaneous widening of the fairway's bed from 110 m to 130 m on the selected sections, as well as in the construction and modernization of the enforcements of the river banks, regulating constructions, and silting fields. The investment is planned for realization in 2015-2021. 2. Improvement of the accessibility to the port in Szczecin in the area of Kaszubski Basin. The investment consists in the adjustment of the port infrastructure at the bulk cargo transhipment area to handling bigger than presently bulk cargo vessels, and it encompasses the modernization and deepening down to the technical depth of 12.5 m of the three most used port quays. The investment is planned for realization in 2017-2020. 3. The improvement of the accessibility to the port in Szczecin together with the extension of the port infrastructure in the area of Dębicki Canal. The investment consists in the adjustment of the port infrastructure in the port of Szczecin at the break bulk cargo transhipment area to handling bigger than presently vessels and the extension of the port infrastructure to handling intermodal units, unitized and conventional break bulk cargo and project cargo. The project encompasses modernization and deepening down to the technical depth of 12.5 m of two transhipment quays and the construction of a new deep-water general cargo transhipment quay. The investment is planned for realization in 2017-2020. 4. The construction of a deep-water bulk cargo transhipment quay at Grabowski Islet by Przekop Mieleński. The investment is planned for realization in 2017-2020. The aim of the investment undertaking encompassing all the above-mentioned investment projects is to increase the efficiency of the sea-land transportation chain running through the port in Szczecin.
The deepening of the fairway will allow merchant ships of bigger capacity and deadweight to enter the port in Szczecin, whereas the modernization and extension of the port infrastructure at the break bulk cargo transhipment area (Dębicki Canal), bulk cargo transhipment area (Kaszubski Basin), and at Grabowski Islet will enable handling bigger seagoing vessels. The combined and supplementary realization of the investment projects will cause the increase of the costs efficiency of sea-land transports and will guarantee proper conditions for handling vessels and cargo in the port of Szczecin.
The aim of the paper is to present the socio-economic effects which will appear in connection with the realization of large scale investment projects consisting in:
(1) deepening of the Świnoujście-Szczecin fairway down to 12.5 m, and (2) adjusting the port infrastructure in the port of Szczecin (deepening of harbor water area and modernization as well as deepening of selected berths) to handling bigger sea vessels. Those are complementary projects and their joint realization will enable handling fully laden ships of up to 40,000 tons (presently it is up to 15,000 tons) in the port of Szczecin.
Methodology
The calculation of the socio-economic benefits for the investment undertaking has been carried out basing on the cost-benefit analysis method in accordance with the assumptions and guidelines elaborated for the investment projects co-financed by the European Union's Cohesion Fund for the period of 2014-2020 (Regional and Urban Policy 2014, Ministry for Infrastructure and Development 2015). The investment undertaking consists of four, mutually supplementing and conditioning the reaching of the objective, investment projects. The socio-economic benefits have been calculated for the complementary investments with the assumption that in the non-investment variant (W0) there will not be realized any investment project, whereas in the investment variant (WI) all the considered projects will be realized. The socio-economic effects of the investment undertaking include the transportation cost savings, external cost savings in maritime transport as well as in land transport, and the increase of the value added in the port in Szczecin established for the difference in cargo transhipment prognosis elaborated for the investment variant (WI) and for the non-investment variant (W0). The differential variant of transhipment prognosis (WI-W0) covers the period of 2021-2041 which results from the assumed investment exploitation period.
The year 1999 has been assumed as the basis for the determination of the cargo transhipment prognosis in the non-investment variant because that was the year when the change in the tendency in development of cargo transhipments in the port of Szczecin occurred. On the basis of time series of transhipments in the period of 1999-2014, the parameters of hyperbolic trend line have been estimated. The function of the trend in the total turnover in the port of Szczecin during the years 1999-2014 amounted:
where t = 1, 2,…, 16 (subsequent years of the trend parameters estimation).
On the basis of the trend function, prognoses of transhipments in the port of Szczecin have been made for the non-investment variant. While making prognoses of the cargo groups transhipments, the structure of transhipments by cargo group in 2014 has been used. For the reference period of 2021-2041, the average rate of change of cargo turnover in the port of Szczecin amounted (-8.08%).
The demand for the transhipment services in the port of Szczecin has been, in the investment variant, conditioned on the predicted economic situation in Poland. It has been assumed that in result of the realization of the investment undertaking, the port of Szczecin will return to the development path connected with the increase of the GDP and in a greater than so far degree it will participate in the predicted increase of the demand for the transhipment services. While determining the development of transhipments in the port in Szczecin, first of all, the transhipment prognosis for the Polish ports as prepared in the minimum and maximum variants for the period until the year 2030 (Kotowska, Mańkowska, Pluciński 2014) have been used. On this basis, the total turnover dynamics indexes for the port in Szczecin for the minimum and maximum prognosis variants until 2030 have been established. The turnover dynamics indexes for the period of 2031-2041 have been established on the basis of the mathematical functions of the transhipment prognosis trends assessed for the minimum and maximum variants. The dynamics indexes represent the average-annual rate of change in the transhipment in the port of Szczecin for the minimum and maximum variants in the period of 2021-2041. The geometric averages of the total turnover dynamics (chain) indexes in the port of Szczecin for the minimum and maximum variants are presented in Table 3 . The established average dynamics indexes refer to the total turnover in the port of Szczecin. The rate of change for specific cargo groups will be diversified. The 12 benchmarks of turnover dynamics indexes have been established in such a manner where the obtained turnover dynamics indexes for the minimum and maximum variants amounting respectively to 2.66% and 3.06% have been decreased or increased by the value of the dynamics index's spread which amounted to h=0.41%.
The development potential of cargo groups in the port of Szczecin is presented in Table 4 .
Using the turnover dynamics indexes of the specific cargo groups, the cargo turnover prognosis for the port of Szczecin has been made for the investment variant.
The average-annual rate of increase of the total turnover in the port of Szczecin for the period of 2021-2041 amounted to 2.91%. It is being anticipated that after the deepening of the Świnoujście-Szczecin fairway down to 12.5 m, the transhipments in the port of Szczecin will amount to 15,561,136 tons in 2041, which means the increase of the turnover in 2041 by 6,938,652 tons in comparison with the non-investment variant. The predicted volume of cargo groups turnover in the port in Szczecin, for the investment undertaking in the differential variant (WI-W0), is presented in Table 5 . * The Świnoujście-Szczecin fairway is planned to be finished in 2022, which means that there are no differences in transhipments predicted till 2021 in the two variants of the investment undertaking.
Source: own elaboration.
The forecasted cargo turnover in the port of Szczecin for the investment undertaking in the reference period of 2021-2041 is presented in Fig. 2 . 
Study results
The realization of the investment undertaking will contribute to the origination of socio-economic benefits which will occur in: a) the land section of the sea-land transportation chain running through the port in Szczecin. The hinterland transport will note cost savings in cargo transportation by land means of transport and in external costs, resulting from the shortening of transportation distance and from the change in the sectoral structure of transports (the increase of the importance of the railway transport versus the road transport -modal shift); b) the sea section of the sea-land transportation chain running through the port in Szczecin. The sea transport will note cost savings in cargo transportation by sea and in external costs, resulting from the shortening of transportation distance and in the costs of exploitation of vessels resulting from their increased size (economies of vessel's size); and c) the sea port of Szczecin in the form of the increase of the (gross) value added produced by port activities, additionally produced value of port services caused by the increase in cargo turnover in the port. The socio-economic effects indicated in c) have been determined as the direct result of the investment undertaking at its exploitation phase (the effects appearing during the realization stage have been excluded), and have been limited to the activities of the port of Szczecin with disregard of the effects appearing in the surroundings of the port of Szczecin (The Centre for EU Transportation Projects 2014).
The socio-economic benefits in land transport (in the hinterland of the port of Szczecin) resulting from the realization of the investment undertaking include: a) the transportation costs savings in land transport resulting from the shortening of transportation distance in the hinterland, b) external costs savings resulting from the shortening of transportation distance in the hinterland, c) the transportation costs savings in land transport resulting from the change in the sectoral structure of transports (modal shift) in the hinterland, and d) external costs savings resulting from the change in the sectoral structure of transports in the hinterland. External costs for road and rail freight transport have been estimated with the use of Marco Polo calculator while average freight transport costs for rail and road have been calculated with the use of three sources, i. Respective costs have been indexed and through Purchasing Power Standard coefficient factor adjusted for Poland. Calculations of external and carriage costs for road and rail transport have been presented in Table 6 , 7, and 8. In the calculation, the following external costs coefficients were applied: for road freight transport -0.0552 PLN/tkm, for rail freight transport (electric fraction) -0.0134 PLN/tkm. Source: own elaboration based on Delhaye et al. 2010 Average freight rail transport cost applied in calculations amounted: for grains -0.0205 PLN/tkm, for dry bulk cargo -0.0177 PLN/tkm, for containerized break bulk -0.0249 PLN/tkm. The applied in calculation average road freight transport cost amounted to 0.3217 PLN/tkm.
In order to determine the socio-economic benefits arising in the land transport in connection with the realization of the investment undertaking, the analysis has been performed of the hinterland of the port in Szczecin versus its neighboring sea ports and with reference to handling cargo transports in relations to/from the main points of the hinterland. The analysis has been performed for the following cargo groups: for containerized break bulk cargo (containers) and for grains and bulk cargoes (with the exclusion of crude oil). The socio-economic benefits have been determined, such as the savings in the transportation costs and in the external costs resulting from the shortening of the transportation distance to the port of Szczecin in comparison with alternative transport routes to the ports in Rostock, Gdynia, and Gdańsk, and such as the savings in the transportation costs and the external costs resulting from the expected changes in the sectoral structure (modal shift) of land transports caused by the realization of the investment undertaking. Modal shift from road to rail transport has been forecasted as a consequence of the raise in the shippment load and the increase in the shipment density. The socio-economic benefits have thus been expressed as the additional costs that may be avoided by the realization of the investment undertaking.
The socio-economic benefits in the sea transport (the foreland of the port of Szczecin) resulting from the realization of the investment undertaking include: a) external costs savings in the sea transport resulting from the shortening of transportation distance, b) the transportation costs savings in the sea transport resulting from the shortening of transportation distance, and c) the transportation costs savings on the sea leg resulting from economies of scale, decreasing the unit transportation cost due to carriage on a bigger sea vessel. These are the transportation costs savings resulting from the exploitation of big seagoing vessels (economies of vessel's size).
External and transport costs for freight shipping have been calculated and depicted in Tables 9 and 10 . The following average external cost have been applied in calculus: for general/dry bulk ships -0.0206 PLN/tkm, for container ships -0.0153 PLN/tkm. In order to determine the socio-economic benefits arising in the sea transport in connection with the realization of the investment undertaking, the analysis has been performed of the foreland serviced by the sea port in Szczecin versus its neighboring sea ports. The port of Malmoe has been selected as the reference point for the ship routing alternation for the investment variant (WI) and for the non-investment variant (W0). The analysis has been performed for cargo groups showing the largest increases in their turnover resulting from the realization of the investment undertaking, namely for containerized break bulk (containers), for grains and bulk cargoes. The socio-economic benefits have been determined as the savings in the transportation costs and in the external costs resulting from the shortening of the transportation distance to the port of Szczecin in comparison with alternative transport routes to the ports in Rostock, Gdynia, and Gdańsk, and also caused by the decrease of the unit costs of cargo transportation in big seagoing vessels.
The average gross value added created during the transhipment of 1 tonne of cargo in the port in Szczecin during the years 2010-2013 amounted to 30.94 PLN. The unit gross value added multiplied by the volume of the transhipments predicted in the port of Szczecin in the non-investment variant (W0) and in the investment variant (WI) was used to calculate the increase of the gross value added in the differential variant (WI-W0). The gross value added in the differential variant (WI-W0) means the increase in economic results which will occur in the port of Szczecin in result of the realization of the investment undertaking.
The total and discounted (at the discount rate of 5%) economic benefits for the investment undertaking are presented in Table 11 . The structure of the economic benefits is presented in Fig. 3 . 
Conclusions
1. The realization of the investment undertaking will contribute to the creation of the socio-economic benefits with the combined value of 3.448.517.318,90 PLN, where the benefits in the sea transport (savings in the transportation costs and in the external costs) will in total amount to 1,183,462,929.23 PLN (34.40% of the total benefits obtained from the investment undertaking), in the land transport (savings in the transportation costs and in the external costs) -1,345,792,995.22 PLN (39.0% of the total economic benefits), in the port of Szczecin, there will be value added created in the amount of 774,405,083.56 PLN (22.5% of the total economic benefits). The residual value of the investment undertaking will amount to 144,856,310.90 PLN (4.20% of the total economic benefits from the investment undertaking). 2. In the sea and land transports, there economic benefits prevail connected with the decreasing of the cargo transportation costs. The savings in sea transportation costs have amounted to 1,091,739,404.87 PLN (31.7% of the total economic benefits from the investment undertaking), the savings in the land transportation costs have amounted to 1,172,726,456.33 PLN (34.0% of the total economic benefits from the investment undertaking). The external costs savings connected with the transportation by sea and land in total have amounted to 264,790,063.24 PLN (in total 7.7% of the total economic benefits from the investment undertaking).
